Introduction {#Sec1}
============

One of the most important objectives of the physics programme at the CERN LHC is to understand the mechanism behind electroweak symmetry breaking (EWSB). In the standard model (SM) \[[@CR1]--[@CR3]\] EWSB is achieved by a complex scalar doublet field that leads to the prediction of one physical Higgs boson ($\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{H}$$\end{document}$) \[[@CR4]--[@CR9]\]. Through Yukawa interactions, the Higgs scalar field can also account for fermion masses \[[@CR10]--[@CR12]\].

In 2012 the ATLAS and CMS Collaborations at the LHC reported the observation of a new boson with mass near 125$\documentclass[12pt]{minimal}
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                \begin{document}$$\,\text {GeV}$$\end{document}$  \[[@CR13]--[@CR15]\], a value confirmed in later measurements \[[@CR16]--[@CR18]\]. Subsequent studies of the production and decay rates \[[@CR16], [@CR18]--[@CR38]\] and of the spin-parity quantum numbers \[[@CR16], [@CR22], [@CR39]--[@CR41]\] of the new boson show that its properties are compatible with those expected for the SM Higgs boson. The CDF and D0 experiments have also reported an excess of events consistent with the LHC observations \[[@CR42], [@CR43]\].

Standard model predictions have improved with time, and the results presented in this paper make use of a large number of theory tools and calculations \[[@CR44]--[@CR168]\], summarized in Refs. \[[@CR169]--[@CR171]\]. In proton-proton (pp) collisions at $\documentclass[12pt]{minimal}
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                \begin{document}$$\sqrt{s}=\text {7--8}\,\text {TeV} $$\end{document}$, the gluon-gluon fusion Higgs boson production mode ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{g} \mathrm{g} \mathrm{H} $$\end{document}$) has the largest cross section. It is followed by vector boson fusion ($\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{V}\mathrm{H} $$\end{document}$), and production in association with a top quark pair ($\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{t}\mathrm{t}\mathrm{H} $$\end{document}$). The cross section values for the Higgs boson production modes and the values for the decay branching fractions, together with their uncertainties, are tabulated in Ref. \[[@CR171]\] and regular online updates. For a Higgs boson mass of 125$\documentclass[12pt]{minimal}
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                \begin{document}$$\,\text {GeV}$$\end{document}$, the total production cross section is expected to be 17.5$\documentclass[12pt]{minimal}
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                \begin{document}$$-1.6\,\%$$\end{document}$ per $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\text {GeV}$$\end{document}$.

This paper presents results from a comprehensive analysis combining the CMS measurements of the properties of the Higgs boson targeting its decay to $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{W}\mathrm{W} ^{(*)}$$\end{document}$. The broad complementarity of measurements targeting different production and decay modes enables a variety of studies of the couplings of the new boson to be performed.

The different analyses have different sensitivities to the presence of the SM Higgs boson. The $\documentclass[12pt]{minimal}
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                \begin{document}$$\ell = \mathrm{e},\mu $$\end{document}$) channels play a special role because of their high sensitivity and excellent mass resolution of the reconstructed diphoton and four-lepton final states, respectively. The $\documentclass[12pt]{minimal}
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                \begin{document}$$\tau \tau $$\end{document}$ decay modes are beset by large background contributions and have relatively poor mass resolution, resulting in lower sensitivity compared to the other channels; combining the results from $\documentclass[12pt]{minimal}
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The mass of the Higgs boson is determined by combining the measurements performed in the $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{H} \rightarrow \mathrm{Z}\mathrm{Z} \rightarrow 4\ell $$\end{document}$ channels \[[@CR16], [@CR18]\]. The SM Higgs boson is predicted to have even parity, zero electric charge, and zero spin. All its other properties can be derived if the boson's mass is specified. To investigate the couplings of the Higgs boson to SM particles, we perform a combined analysis of all measurements to extract ratios between the observed coupling strengths and those predicted by the SM.

The couplings of the Higgs boson are probed for deviations in magnitude using the formalism recommended by the LHC Higgs Cross Section Working Group in Ref. \[[@CR171]\]. This formalism assumes, among other things, that the observed state has quantum numbers $\documentclass[12pt]{minimal}
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                \begin{document}$$J^{PC} =0^{++}$$\end{document}$ and that the narrow-width approximation holds, leading to a factorization of the couplings in the production and decay of the boson.

The data sets were processed with updated alignment and calibrations of the CMS detector and correspond to integrated luminosities of up to 5.1$\documentclass[12pt]{minimal}
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                \begin{document}$$\text {\,T}$$\end{document}$ magnetic field parallel to the direction of the LHC beams. Within the solenoid volume are a silicon pixel and strip tracker, a lead tungstate crystal electromagnetic calorimeter, and a brass and scintillator hadron calorimeter. Muons are identified and measured in gas-ionization detectors embedded in the steel magnetic flux-return yoke of the solenoid. The detector is subdivided into a cylindrical barrel and two endcap disks. Calorimeters on either side of the detector complement the coverage provided by the barrel and endcap detectors. A more detailed description of the CMS detector, together with a definition of the coordinate system used and the relevant kinematic variables, can be found in Ref. \[[@CR173]\].

This paper is structured as follows: Sect. [2](#Sec2){ref-type="sec"} summarizes the analyses contributing to the combined measurements. Section [3](#Sec11){ref-type="sec"} describes the statistical method used to extract the properties of the boson; some expected differences between the results of the combined analysis and those of the individual analyses are also explained. The results of the combined analysis are reported in the following four sections. A precise determination of the mass of the boson and direct limits on its width are presented in Sect. [4](#Sec16){ref-type="sec"}. We then discuss the significance of the observed excesses of events in Sect. [5](#Sec19){ref-type="sec"}. Finally, Sects. [6](#Sec20){ref-type="sec"} and [7](#Sec27){ref-type="sec"} present multiple evaluations of the compatibility of the data with the SM expectations for the magnitude of the Higgs boson's couplings.

Inputs to the combined analysis {#Sec2}
===============================

Table [1](#Tab1){ref-type="table"} provides an overview of all inputs used in this combined analysis, including the following information: the final states selected, the production and decay modes targeted in the analyses, the integrated luminosity used, the expected mass resolution, and the number of event categories in each channel.
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                \begin{document}$$\mathrm{b} $$\end{document}$ denotes a jet tagged as originating from the hadronization of a bottom quark.Table 1Summary of the channels in the analyses included in this combination. The first and second columns indicate which decay mode and production mechanism is targeted by an analysis. Notes on the expected composition of the signal are given in the third column. Where available, the fourth column specifies the expected relative mass resolution for the SM Higgs boson. Finally, the last columns provide the number of event categories and the integrated luminosity for the 7 and 8$\documentclass[12pt]{minimal}
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Fewer than 1 % of the selected events are tagged according to production mode. The remaining "untagged" events are subdivided into different categories based on the output of an MVA classifier that assigns a high score to signal-like events and to events with a good mass resolution, based on a combination of (i) an event-by-event estimate of the diphoton mass resolution, (ii) a photon identification score for each photon, and (iii) kinematic information about the photons and the diphoton system. The photon identification score is obtained from a separate MVA classifier that uses shower shape information and variables characterizing how isolated the photon candidate is to discriminate prompt photons from those arising in jets.

The same event categories and observables are used for the mass measurement and to search for deviations in the magnitudes of the scalar couplings of the Higgs boson.

In each event category, the background in the signal region is estimated from a fit to the observed diphoton mass distribution in data. The uncertainty due to the choice of function used to describe the background is incorporated into the statistical procedure: the likelihood maximization is also performed for a discrete variable that selects which of the functional forms is evaluated. This procedure is found to have correct coverage probability and negligible bias in extensive tests using pseudo-data extracted from fits of multiple families of functional forms to the data. By construction, this "discrete profiling" of the background functional form leads to confidence intervals for any estimated parameter that are at least as large as those obtained when considering any single functional form. Uncertainty in the parameters of the background functional forms contributes to the statistical uncertainty of the measurements.
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The dominant irreducible background in this channel is due to nonresonant $\documentclass[12pt]{minimal}
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For the mass measurement an event-by-event estimator of the mass resolution is built from the single-lepton momentum resolutions evaluated from the study of a large number of $\documentclass[12pt]{minimal}
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To increase the sensitivity to the different production mechanisms, the event sample is split into two categories based on jet multiplicity: (i) events with fewer than two jets and (ii) events with at least two jets. In the first category, the four-lepton transverse momentum is used to discriminate $\documentclass[12pt]{minimal}
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The two-lepton events are divided into eight categories, with different background compositions and signal-to-background ratios. The events are split into SF and DF dilepton event categories, since the background from Drell--Yan production ($\documentclass[12pt]{minimal}
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Searches for Higgs boson decays into invisible particles {#Sec9}
--------------------------------------------------------
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The data from these searches are used for results in Sects. [7.5](#Sec32){ref-type="sec"} and [7.8](#Sec35){ref-type="sec"}, where the partial widths for invisible and/or undetected decays of the Higgs boson are probed.
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                \begin{document}$$\mathrm{H} \rightarrow \mu \mu $$\end{document}$ analysis \[[@CR30]\] is a search in the distribution of the dimuon invariant mass, $\documentclass[12pt]{minimal}
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                \begin{document}$$m_{\mu \mu }$$\end{document}$, for a narrow signal peak over a smoothly falling background dominated by Drell--Yan and top quark pair production. A sample of events with a pair of OS muons is split into mutually exclusive categories of differing expected signal-to-background ratios, based on the event topology and kinematic properties. Events with two or more jets are assigned to 2-jet categories, while the remaining events are assigned to untagged categories. The 2-jet events are divided into three categories using selection criteria based on the properties of the dimuon and the dijet systems: a VBF-tagged category, a boosted dimuon category, and a category with the remaining 2-jet events. The untagged events are distributed among twelve categories based on the dimuon $\documentclass[12pt]{minimal}
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                \begin{document}$$\,\text {GeV}$$\end{document}$ is taken as the systematic uncertainty and applied uniformly for all Higgs boson mass hypotheses. The effect of these systematic uncertainties on the final result is sizeable, about 75 % of the overall statistical uncertainty.

The data from this analysis are used for the results in Sect. [7.4](#Sec31){ref-type="sec"}, where the scaling of the couplings with the mass of the involved particles is explored.

Combination methodology {#Sec11}
=======================

The combination of Higgs boson measurements requires the simultaneous analysis of the data selected by all individual analyses, accounting for all statistical uncertainties, systematic uncertainties, and their correlations.

The overall statistical methodology used in this combination was developed by the ATLAS and CMS Collaborations in the context of the LHC Higgs Combination Group and is described in Refs. \[[@CR15], [@CR180], [@CR181]\]. The chosen test statistic, $\documentclass[12pt]{minimal}
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                \begin{document}$$q$$\end{document}$, is based on the profile likelihood ratio and is used to determine how signal-like or background-like the data are. Systematic uncertainties are incorporated in the analysis via nuisance parameters that are treated according to the frequentist paradigm. Below we give concise definitions of statistical quantities that we use for characterizing the outcome of the measurements. Results presented herein are obtained using asymptotic formulae \[[@CR182]\], including routines available in the [RooStats]{.smallcaps} package \[[@CR183]\].
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-----------------------------------------------------------------------------------

To quantify the presence of an excess of events over the expected background we use the test statistic where the likelihood appearing in the numerator corresponds to the background-only hypothesis:$$\documentclass[12pt]{minimal}
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                \begin{document}$$\hat{\theta }$$\end{document}$ define the point at which the likelihood reaches its global maximum.
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Extracting signal model parameters {#Sec13}
----------------------------------
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                \begin{document}$$\hat{\theta }$$\end{document}$ correspond to the global maximum likelihood and are called the best-fit set. The post-fit model, obtained using the best-fit set, is used when deriving expected quantities. The post-fit model corresponds to the parametric bootstrap described in the statistics literature and includes information gained in the fit regarding the values of all parameters \[[@CR184], [@CR185]\].

The 68 and 95 % confidence level (CL) confidence intervals for a given parameter of interest, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$a_i$$\end{document}$, are evaluated from $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$q(a_i)=1.00$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$q(a_i)=3.84$$\end{document}$, respectively, with all other unconstrained model parameters treated in the same way as the nuisance parameters. The two-dimensional (2D) 68 and 95 % CL confidence regions for pairs of parameters are derived from $\documentclass[12pt]{minimal}
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                \begin{document}$$q(a_i, a_j) = 5.99$$\end{document}$, respectively. This implies that boundaries of 2D confidence regions projected on either parameter axis are not identical to the one-dimensional (1D) confidence interval for that parameter. All results are given using the chosen test statistic, leading to approximate CL confidence intervals when there are no large non-Gaussian uncertainties \[[@CR186]--[@CR188]\], as is the case here. If the best-fit value is on a physical boundary, the theoretical basis for computing intervals in this manner is lacking. However, we have found that for the results in this paper, the intervals in those conditions are numerically similar to those obtained by the method of Ref. \[[@CR189]\].

Grouping of channels by decay and production tags {#Sec14}
-------------------------------------------------

The event samples selected by each of the different analyses are mutually exclusive. The selection criteria can, in many cases, define high-purity selections of the targeted decay or production modes, as shown in Table [1](#Tab1){ref-type="table"}. For example, the $\documentclass[12pt]{minimal}
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Mixed production mode composition is common in $\documentclass[12pt]{minimal}
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For decay modes, mixed composition is more marked for signatures involving light leptons and $\documentclass[12pt]{minimal}
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In the combined analyses, all contributions in a given production tag or decay mode group are considered as signal and scaled accordingly.

Expected differences with respect to the results of input analyses {#Sec15}
------------------------------------------------------------------

The grouping of channels described in Sect. [3.3](#Sec14){ref-type="sec"} is among the reasons why the results of the combination may seem to differ from those of the individual published analyses. In addition, the combined analysis takes into account correlations among several sources of systematic uncertainty. Care is taken to understand the post-fit behaviour of the parameters that are correlated between analyses, both in terms of the post-fit parameter values and uncertainties. Finally, the combination is evaluated at a value of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_\mathrm{{H}}$$\end{document}$ that is not the value that was used in some of the individual published analyses, entailing changes to the expected production cross sections and branching fractions of the SM Higgs boson. Changes are sizeable in some cases:In Refs. \[[@CR16], [@CR22]\] the results for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{H} \rightarrow \mathrm{Z}\mathrm{Z} \rightarrow 4\ell $$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{H} \rightarrow \mathrm{W}\mathrm{W} \rightarrow \ell \nu \ell \nu $$\end{document}$ are evaluated for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_\mathrm{{H}} =125.6\,\text {GeV} $$\end{document}$, the mass measured in the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{H} \rightarrow \mathrm{Z}\mathrm{Z} \rightarrow 4\ell $$\end{document}$ analysis. In the present combination, the results are evaluated for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_\mathrm{{H}} =125.0\,\text {GeV} $$\end{document}$, the mass measured from the combined analysis of the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{H} \rightarrow \gamma \gamma $$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{H} \rightarrow \mathrm{Z}\mathrm{Z} \rightarrow 4\ell $$\end{document}$ measurements, presented in Sect. [4.1](#Sec17){ref-type="sec"}. For values of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_\mathrm{{H}}$$\end{document}$ in this region, the branching fractions for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{H} \rightarrow \mathrm{Z}\mathrm{Z} $$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{H} \rightarrow \mathrm{W}\mathrm{W} $$\end{document}$ vary rapidly with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_\mathrm{{H}}$$\end{document}$. For the change of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_\mathrm{{H}}$$\end{document}$ in question, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathcal {B}(\mathrm{H} \rightarrow \mathrm{Z}\mathrm{Z} ,m_\mathrm{{H}} =125.0\,\text {GeV} )/\mathcal {B}(\mathrm{H} \rightarrow \mathrm{Z}\mathrm{Z} ,m_\mathrm{{H}} =125.6\,\text {GeV})=0.95$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathcal {B}(\mathrm{H} \rightarrow \mathrm{W}\mathrm{W} ,m_\mathrm{{H}} =125.0\,\text {GeV} )/\mathcal {B}(\mathrm{H} \rightarrow \mathrm{W}\mathrm{W} ,m_\mathrm{{H}} =125.6\,\text {GeV})=0.96$$\end{document}$ \[[@CR171]\].The expected production cross sections for the SM Higgs boson depend on $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_\mathrm{{H}}$$\end{document}$. For the change in $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_\mathrm{{H}}$$\end{document}$ discussed above, the total production cross sections for 7 and 8$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\,\text {TeV}$$\end{document}$ collisions vary similarly: $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\sigma _\text {tot}(m_\mathrm{{H}} =125.0\,\text {GeV} )/\sigma _\text {tot}(m_\mathrm{{H}} =125.6\,\text {GeV})\sim 1.01$$\end{document}$. While the variation of the total production cross section is dominated by the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{g} \mathrm{g} \mathrm{H} $$\end{document}$ production process, the variation is about 1.005 for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{VBF}$$\end{document}$, around 1.016 for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{V}\mathrm{H} $$\end{document}$, and around 1.014 for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{t}\mathrm{t}\mathrm{H} $$\end{document}$  \[[@CR171]\].The $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{H} \rightarrow \tau \tau $$\end{document}$ analysis of Ref. \[[@CR23]\] focused on exploring the coupling of the Higgs boson to the tau lepton. For this reason nearly all results in Ref. \[[@CR23]\] were obtained by treating the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{H} \rightarrow \mathrm{W}\mathrm{W} $$\end{document}$ contribution as a background, set to the SM expectation. In the present combined analysis, both the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{H} \rightarrow \tau \tau $$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{H} \rightarrow \mathrm{W}\mathrm{W} $$\end{document}$ contributions are considered as signal in the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tau \tau $$\end{document}$ decay tag analysis. This treatment leads to an increased sensitivity to the presence of a Higgs boson that decays into both $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tau \tau $$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{W}\mathrm{W}$$\end{document}$.The search for invisible Higgs decays of Ref. \[[@CR28]\] includes a modest contribution to the sensitivity from the analysis targeting $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{Z}\mathrm{H} $$\end{document}$ production with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{Z}\rightarrow \mathrm{b} \mathrm{b} $$\end{document}$ decays. The events selected by that analysis overlap with those of the analysis of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{V}\mathrm{H} $$\end{document}$ production with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{H} \rightarrow \mathrm{b} \mathrm{b} $$\end{document}$ decays, and are therefore not considered in this combination. Given the limited sensitivity of that search, the overall sensitivity to invisible decays is not significantly impacted.The contribution from the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{g} \mathrm{g} \rightarrow \mathrm{Z}\mathrm{H} $$\end{document}$ process was not included in Ref. \[[@CR21]\] as calculations for the cross section as a function of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm{T}} (\mathrm{Z})$$\end{document}$ were not available. Since then, the search for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{V}\mathrm{H} $$\end{document}$ production with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{H} \rightarrow \mathrm{b} \mathrm{b} $$\end{document}$ has been augmented by the use of recent NLO calculations for the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{g} \mathrm{g} \rightarrow \mathrm{Z}\mathrm{H} $$\end{document}$ contribution \[[@CR176]--[@CR179]\]. In the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{Z}(\nu \nu )\mathrm{H} (\mathrm{b} \mathrm{b} )$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{Z}(\ell \ell )\mathrm{H} (\mathrm{b} \mathrm{b} )$$\end{document}$ channels, the addition of this process leads to an increase of the expected signal yields by 10 % to 30 % for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm{T}} (\mathrm{Z})$$\end{document}$ around and above 150$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\,\text {GeV}$$\end{document}$. When combined with the unchanged $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{W}\mathrm{H} $$\end{document}$ channels, the overall expected sensitivity for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{V}\mathrm{H} $$\end{document}$ production with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{H} \rightarrow \mathrm{b} \mathrm{b} $$\end{document}$ increases by about 10 %.In all analyses used, the contribution from associated production of a Higgs boson with a bottom quark pair, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{b}\mathrm{b}\mathrm{H} $$\end{document}$, is neglected; in inclusive selections this contribution is much smaller than the uncertainties in the gluon fusion production process, whereas in exclusive categories it has been found that the jets associated with the bottom quarks are so soft that the efficiency to select such events is low enough and no sensitivity is lost. In the future, with more data, it may be possible to devise experimental selections that permit the study of the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{b}\mathrm{b}\mathrm{H} $$\end{document}$ production mode as predicted by the SM.

Mass measurement and direct limits on the natural width {#Sec16}
=======================================================

In this section we first present a measurement of the mass of the new boson from the combined analysis of the high-resolution $\documentclass[12pt]{minimal}
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Mass of the observed state {#Sec17}
--------------------------
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To evaluate the statistical component of the overall uncertainty, we also perform a scan of $\documentclass[12pt]{minimal}
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To assess the dependency of the result on the SM Higgs boson hypothesis, the measurement of the mass is repeated using the same channels, but with the following two sets of assumptions: (i) allowing a common signal strength modifier to float, which corresponds to the result in Fig. [1](#Fig1){ref-type="fig"}, and (ii) constraining the relative production cross sections and branching fractions to the SM predictions, i.e. $\documentclass[12pt]{minimal}
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Direct limits on the width of the observed state {#Sec18}
------------------------------------------------
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                \begin{document}$$(8.0)$$\end{document}$ observed (expected) at the 95 % CL \[[@CR27]\]. While that result is about two orders of magnitude better than the experimental mass resolution, it relies on assumptions on the underlying theory, such as the absence of contributions to Higgs boson off-shell production from particles beyond the standard model. In contrast, a direct limit does not rely on such assumptions and is only limited by the experimental resolution.

The best experimental mass resolution, achieved in the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{H} \rightarrow \gamma \gamma $$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{H} \rightarrow \mathrm{Z}\mathrm{Z} \rightarrow 4\ell $$\end{document}$ analyses, is typically between 1$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\,\text {GeV}$$\end{document}$ and 3$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\,\text {GeV}$$\end{document}$, as shown in Table [1](#Tab1){ref-type="table"}. The resolution depends on the energy, rapidity, and azimuthal angle of the decay products, and on the flavour of the leptons in the case of the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{H} \rightarrow \mathrm{Z}\mathrm{Z} \rightarrow 4\ell $$\end{document}$ decay. If found inconsistent with the expected detector resolution, the total width measured in data could suggest the production of a resonance with a greater intrinsic width or the production of two quasi-degenerate states.

To perform this measurement the signal models in the $\documentclass[12pt]{minimal}
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Significance of the observations in data {#Sec19}
========================================

This section provides an assessment of the significance of the observed excesses at the best-fit mass value, $\documentclass[12pt]{minimal}
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Table [2](#Tab2){ref-type="table"} summarizes the median expected and observed local significance for a SM Higgs boson mass of $\documentclass[12pt]{minimal}
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Differences between the results in Table [2](#Tab2){ref-type="table"} and the individual publications are understood in terms of the discussion in Sects. [3.3](#Sec14){ref-type="sec"} and [3.4](#Sec15){ref-type="sec"}, namely the grouping of channels by decay mode tag, the change of the $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{H} \rightarrow \mathrm{Z}\mathrm{Z} \rightarrow 4\ell $$\end{document}$ decay modes indicates that the new particle is a boson, and the diphoton decay implies that its spin is different from unity \[[@CR190], [@CR191]\]. Other observations, beyond the scope of this paper, disfavour spin-1 and spin-2 hypotheses and, assuming that the boson has zero spin, are consistent with the pure scalar hypothesis, while disfavouring the pure pseudoscalar hypothesis \[[@CR16], [@CR22], [@CR41]\].

Compatibility of the observed yields with the SM Higgs boson hypothesis {#Sec20}
=======================================================================

The results presented in this section focus on the Higgs boson production and decay modes, which can be factorized under the narrow-width approximation, leading to $\documentclass[12pt]{minimal}
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The size of the current data set permits many compatibility tests between the observed excesses and the expected SM Higgs boson signal. These compatibility tests do not constitute measurements of any physics parameters per se, but rather allow one to probe for deviations of the various observations from the SM expectations. The tests evaluate the compatibility of the data observed in the different channels with the expectations for the SM Higgs boson with a mass equal to the best-fit value found in Sect. [4.1](#Sec17){ref-type="sec"}, $\documentclass[12pt]{minimal}
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This section is organized by increasing degree of complexity of the deviations being probed. In Sect. [6.1](#Sec21){ref-type="sec"} we assess the compatibility of the overall signal strength for all channels combined with the SM Higgs hypothesis. In Sect. [6.2](#Sec22){ref-type="sec"} the compatibility is assessed by production tag group, decay tag group, and production and decay tag group. We then turn to the study of production modes. Using the detailed information on the expected SM Higgs production contributions, Sect. [6.3](#Sec23){ref-type="sec"} discusses, for each decay tag group, the results of considering two signal strengths, one scaling the $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{t}\mathrm{t}\mathrm{H} $$\end{document}$ contributions individually. Turning to the decay modes, Sect. [6.5](#Sec25){ref-type="sec"} performs combined analyses of signal strength ratios between different decay modes, where some uncertainties from theory and some experimental uncertainties cancel out. Finally, using the structure of the matrix of production and decay mode signal strengths, Sect. [6.6](#Sec26){ref-type="sec"} tests for the possibility that the observations are due to the presence of more than one state degenerate in mass.

Overall signal strength {#Sec21}
-----------------------

The best-fit value for the common signal strength modifier $\documentclass[12pt]{minimal}
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The total uncertainty can be broken down into a statistical component (stat); a component associated with the uncertainties related to renormalization and factorization scale variations, parton distribution functions, branching fractions, and underlying event description (theo); and any other systematic uncertainties (syst). The result is $\documentclass[12pt]{minimal}
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Grouping by predominant decay mode and/or production tag {#Sec22}
--------------------------------------------------------

One step in going beyond a single signal strength modifier is to evaluate the signal strength in groups of channels from different analyses. The groups chosen reflect the different production tags, predominant decay modes, or both. Once the fits for each group are performed, a simultaneous fit to all groups is also performed to assess the compatibility of the results with the SM Higgs boson hypothesis.

Figure [4](#Fig4){ref-type="fig"} shows the $\documentclass[12pt]{minimal}
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                \begin{document}$$m_\mathrm{{H}} = 125.0\,\text {GeV} $$\end{document}$, grouped by additional tags targeting events from particular production mechanisms, by predominant decay mode, or both. As discussed in Sect. [3.3](#Sec14){ref-type="sec"}, the expected purities of the different tagged samples vary substantially. Therefore, these plots cannot be interpreted as compatibility tests for pure production mechanisms or decay modes, which are studied in Sect. [6.4](#Sec24){ref-type="sec"}.

For each type of grouping, the level of compatibility with the SM Higgs boson cross section can be quantified by the value of the test statistic function of the signal strength parameters simultaneously fitted for the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$N$$\end{document}$ channels considered in the group, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _1, \mu _2,\ldots ,\mu _N$$\end{document}$,$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} q_{\mu } = -2 \Delta \ln \mathcal {L} = -2 \ln \frac{ \mathcal {L}(\text {data} \, | \, \mu _{i}, \hat{\theta }_{\mu _{i}}) }{\mathcal {L}(\text {data} \, | \, \hat{\mu }_{i}, \hat{\theta })} \end{aligned}$$\end{document}$$evaluated for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _1 = \mu _2 =\cdots =\mu _N = 1$$\end{document}$. For each type of grouping, the corresponding $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$q_{\mu }(\mu _1=\mu _2=\cdots =\mu _N=1)$$\end{document}$ from the simultaneous fit of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$N$$\end{document}$ signal strength parameters is expected to behave asymptotically as a $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\chi ^{2}$$\end{document}$ distribution with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$N$$\end{document}$ degrees of freedom (dof).

The results for the four independent combinations grouped by production mode tag are depicted in Fig. [4](#Fig4){ref-type="fig"} (top left). An excess can be seen for the $\documentclass[12pt]{minimal}
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The results for the five independent combinations grouped by predominant decay mode are shown in Fig. [4](#Fig4){ref-type="fig"} (top right). The simultaneous fit of the corresponding five signal strengths yields $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\chi ^{2}/\text {dof} = 1.0 / 5 $$\end{document}$ and an asymptotic $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p\text {-value}$$\end{document}$ of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$0.96$$\end{document}$.

The results for sixteen individual combinations grouped by production tag and predominant decay mode are shown in Fig. [4](#Fig4){ref-type="fig"} (bottom). The simultaneous fit of the corresponding signal strengths gives a $\documentclass[12pt]{minimal}
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Fermion- and boson-mediated production processes and their ratio {#Sec23}
----------------------------------------------------------------

The four main Higgs boson production mechanisms can be associated with either couplings of the Higgs boson to fermions ($\documentclass[12pt]{minimal}
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Individual production modes {#Sec24}
---------------------------

While the production modes can be grouped by the type of interaction involved in the production of the SM Higgs boson, as done in Sect. [6.3](#Sec23){ref-type="sec"}, the data set and analyses available allow us to explore signal strength modifiers for different production modes, $\documentclass[12pt]{minimal}
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Figure [6](#Fig6){ref-type="fig"} summarizes the results of likelihood scans for the four parameters of interest described in Table [6](#Tab6){ref-type="table"} in terms of the 68 % CL (inner) and 95 % CL (outer) confidence intervals. When scanning the likelihood of the data as a function of one parameter, the other parameters are profiled.Fig. 6Likelihood scan results for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _\mathrm{{g} \mathrm{g} \mathrm{H} }$$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _{\mathrm{VBF}}$$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _{\mathrm{V}\mathrm{H} }$$\end{document}$, and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _\mathrm{{t}\mathrm{t}\mathrm{H} }$$\end{document}$. The *inner bars* represent the 68 % CL confidence intervals while the *outer bars* represent the 95 % CL confidence intervals. When scanning each individual parameter, the three other parameters are profiled. The SM values of the relative branching fractions are assumed for the different decay modes

Table [7](#Tab7){ref-type="table"} shows the best-fit results for the 7$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\,\text {TeV}$$\end{document}$ and 8$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\,\text {TeV}$$\end{document}$ data sets separately, as well as for the full combined analysis. Based on the combined likelihood ratio values for each parameter, Table [7](#Tab7){ref-type="table"} also shows the observed significance, the expected significance, and the pull of the results with respect to the SM hypothesis. The observed significance is derived from the observed likelihood ratio for the background-only hypothesis, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _{i}=0$$\end{document}$, in data. The expected significance is derived from the likelihood ratio for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _{i}=0$$\end{document}$ obtained using the median expected result for the SM Higgs boson. The pull with respect to the SM hypothesis is derived from the observed likelihood ratio for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _{i}=1$$\end{document}$; by definition, the expected pull with respect to the SM hypothesis is zero.Table 7The best-fit results for independent signal strengths scaling the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{g} \mathrm{g} \mathrm{H} $$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{VBF}$$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{V}\mathrm{H} $$\end{document}$, and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{t}\mathrm{t}\mathrm{H} $$\end{document}$ production processes; the expected and observed significances with respect to the background-only hypothesis, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _{i}=0$$\end{document}$; and the pull of the observation with respect to the SM hypothesis, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _{i}=1$$\end{document}$. The best-fit results are also provided separately for the 7$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\,\text {TeV}$$\end{document}$ and 8$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\,\text {TeV}$$\end{document}$ data sets, for which the predicted cross sections differ. These results assume that the relative values of the branching fractions are those predicted for the SM Higgs bosonParameterBest-fit result (68 % CL)Significance ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\sigma $$\end{document}$)Pull to SM7$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\,\text {TeV}$$\end{document}$8$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\,\text {TeV}$$\end{document}$CombinedObservedExpected($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\sigma $$\end{document}$)$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _\mathrm{{g} \mathrm{g} \mathrm{H} }$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$1.03^{+0.37}_{-0.33}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$0.79^{+0.19}_{-0.17}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$0.85 ^{+0.19}_{-0.16}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$6.6$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$7.4$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$-0.8$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _{\mathrm{VBF}}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$1.77^{+0.99}_{-0.90}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$1.02^{+0.39}_{-0.36}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$1.16 ^{+0.37}_{-0.34}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$3.7$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$3.3$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$+0.4$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _{\mathrm{V}\mathrm{H} }$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${<}0.99$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$0.96^{+0.41}_{-0.39}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$0.92 ^{+0.38}_{-0.36}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$2.7$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$2.9$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$-0.2$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _\mathrm{{t}\mathrm{t}\mathrm{H} }$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${<}2.19$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$3.27^{+1.20}_{-1.04}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$2.90 ^{+1.08}_{-0.94}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$3.5$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$1.2$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$+2.2$$\end{document}$Table 8Parameterization used to scale the expected SM Higgs boson yields of the different production and decay modes when obtaining the results presented in Table [9](#Tab9){ref-type="table"}. The $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _\mathrm{{g} \mathrm{g} \mathrm{H} ,\mathrm{t}\mathrm{t}\mathrm{H} }$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _{\mathrm{VBF},\mathrm{V}\mathrm{H} }$$\end{document}$ parameters are introduced to reduce the dependency of the results on the SM expectationParameters of interest: $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\lambda _{yy,xx}$$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\lambda _{ii,xx}$$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\lambda _{jj,xx}$$\end{document}$, and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\lambda _{kk,xx}$$\end{document}$Other parameters: $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _\mathrm{{g} \mathrm{g} \mathrm{H} ,\mathrm{t}\mathrm{t}\mathrm{H} }$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _{\mathrm{VBF},\mathrm{V}\mathrm{H} }$$\end{document}$Signal model$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{H} \rightarrow xx $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{H} \rightarrow yy $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{H} \rightarrow ii $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{H} \rightarrow jj $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{H} \rightarrow kk $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{g} \mathrm{g} \mathrm{H} $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _\mathrm{{g} \mathrm{g} \mathrm{H} ,\mathrm{t}\mathrm{t}\mathrm{H} }$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _\mathrm{{g} \mathrm{g} \mathrm{H} ,\mathrm{t}\mathrm{t}\mathrm{H} } \,\lambda _{yy,xx}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _\mathrm{{g} \mathrm{g} \mathrm{H} ,\mathrm{t}\mathrm{t}\mathrm{H} } \,\lambda _{ii,xx}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _\mathrm{{g} \mathrm{g} \mathrm{H} ,\mathrm{t}\mathrm{t}\mathrm{H} } \,\lambda _{jj,xx}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _\mathrm{{g} \mathrm{g} \mathrm{H} ,\mathrm{t}\mathrm{t}\mathrm{H} } \,\lambda _{kk,xx}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{VBF}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _{\mathrm{VBF},\mathrm{V}\mathrm{H} }$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _{\mathrm{VBF},\mathrm{V}\mathrm{H} } \,\lambda _{yy,xx}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _{\mathrm{VBF},\mathrm{V}\mathrm{H} } \,\lambda _{ii,xx}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _{\mathrm{VBF},\mathrm{V}\mathrm{H} } \,\lambda _{jj,xx}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _{\mathrm{VBF},\mathrm{V}\mathrm{H} } \,\lambda _{kk,xx}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{V}\mathrm{H} $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _{\mathrm{VBF},\mathrm{V}\mathrm{H} }$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _{\mathrm{VBF},\mathrm{V}\mathrm{H} } \,\lambda _{yy,xx}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _{\mathrm{VBF},\mathrm{V}\mathrm{H} } \,\lambda _{ii,xx}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _{\mathrm{VBF},\mathrm{V}\mathrm{H} } \,\lambda _{jj,xx}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _{\mathrm{VBF},\mathrm{V}\mathrm{H} } \,\lambda _{kk,xx}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{t}\mathrm{t}\mathrm{H} $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _\mathrm{{g} \mathrm{g} \mathrm{H} ,\mathrm{t}\mathrm{t}\mathrm{H} }$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _\mathrm{{g} \mathrm{g} \mathrm{H} ,\mathrm{t}\mathrm{t}\mathrm{H} } \,\lambda _{yy,xx}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _\mathrm{{g} \mathrm{g} \mathrm{H} ,\mathrm{t}\mathrm{t}\mathrm{H} } \,\lambda _{ii,xx}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _\mathrm{{g} \mathrm{g} \mathrm{H} ,\mathrm{t}\mathrm{t}\mathrm{H} } \,\lambda _{jj,xx}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _\mathrm{{g} \mathrm{g} \mathrm{H} ,\mathrm{t}\mathrm{t}\mathrm{H} } \,\lambda _{kk,xx}$$\end{document}$

The $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _\mathrm{{g} \mathrm{g} \mathrm{H} }$$\end{document}$ best-fit value is found to be $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$0.85 ^{+0.19}_{-0.16}$$\end{document}$. After calculating the component of the uncertainty that is statistical in nature (stat) and the component related to the theory inputs (theo), one can subtract them in quadrature from the total uncertainty and assign the remainder as the systematic uncertainty (syst), yielding $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$0.85\,^{+0.11}_{-0.09}\,\text {(stat)} \,^{+0.11}_{-0.08}\,\text {(theo)} \,^{+0.10}_{-0.09}\,\text {(syst)} $$\end{document}$. Advances in the calculation of the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{g} \mathrm{g} \mathrm{H} $$\end{document}$ cross section, e.g. when considering higher-order effects, may not only reduce the uncertainty above, but also shift the central value. The signal strengths for the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{VBF}$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{V}\mathrm{H} $$\end{document}$ production modes are assessed independently. Individual likelihood scans are performed as a function of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _{\mathrm{VBF}}$$\end{document}$ (or $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _{\mathrm{V}\mathrm{H} }$$\end{document}$), allowing the modifiers associated with the other production processes to float in the fit together with the nuisance parameters. In data, the best-fit result for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _{\mathrm{VBF}}$$\end{document}$ is $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$1.16 ^{+0.37}_{-0.34}$$\end{document}$, while for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _{\mathrm{V}\mathrm{H} }$$\end{document}$ it is $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$0.92 ^{+0.38}_{-0.36}$$\end{document}$. For the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{t}\mathrm{t}\mathrm{H} $$\end{document}$ production mode, the best-fit value for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _\mathrm{{t}\mathrm{t}\mathrm{H} }$$\end{document}$ is found to be $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$2.90 ^{+1.08}_{-0.94}$$\end{document}$. The results for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{VBF}$$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{V}\mathrm{H} $$\end{document}$, and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{t}\mathrm{t}\mathrm{H} $$\end{document}$ are driven by the corresponding tagged categories, while the contribution from $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{g} \mathrm{g} \mathrm{H} $$\end{document}$ is constrained by the 0-jet and untagged categories.

The results in Table [7](#Tab7){ref-type="table"} show a clear observation of Higgs bosons produced through gluon fusion, and evidence for the production of Higgs bosons through vector boson fusion, for which both the expected and observed significances are above the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$3\sigma $$\end{document}$ level. For $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{V}\mathrm{H} $$\end{document}$ production, the expected significance is $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$2.9 \sigma $$\end{document}$ and the observed significance is $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$2.7 \sigma $$\end{document}$. The large best-fit value for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _\mathrm{{t}\mathrm{t}\mathrm{H} }$$\end{document}$ is compatible with the results presented and discussed in Sect. [6.2](#Sec22){ref-type="sec"}; the data are compatible with the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _\mathrm{{t}\mathrm{t}\mathrm{H} } =1$$\end{document}$ hypothesis at the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$2.2\sigma $$\end{document}$ level. Because of the different parameterizations used, this significance is not exactly the same as that found in Sect. [6.2](#Sec22){ref-type="sec"} when considering the combination of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{t}\mathrm{t}\mathrm{H} $$\end{document}$-tagged categories.Table 9The best-fit results and 68 % CL confidence intervals for signal strength ratios of the decay mode in each column and the decay mode in each row, as modelled by the parameterization in Table [8](#Tab8){ref-type="table"}. When the likelihood of the data is scanned as a function of each individual parameter, the three other parameters in the same row, as well the production cross sections modifiers $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _\mathrm{{g} \mathrm{g} \mathrm{H} ,\mathrm{t}\mathrm{t}\mathrm{H} }$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _{\mathrm{VBF},\mathrm{V}\mathrm{H} }$$\end{document}$, are profiled. Since each row corresponds to an independent fit to data, the relation $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\lambda _{yy,xx}=1/\lambda _{xx,yy}$$\end{document}$ is only approximately satisfiedBest-fit $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\lambda _\text {col,row}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{H} \rightarrow \gamma \gamma $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{H} \rightarrow \mathrm{Z}\mathrm{Z} $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{H} \rightarrow \mathrm{W}\mathrm{W} $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{H} \rightarrow \tau \tau $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{H} \rightarrow \mathrm{b} \mathrm{b} $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{H} \rightarrow \gamma \gamma $$\end{document}$1$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$0.92^{+0.38}_{-0.27}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$0.83^{+0.27}_{-0.22}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$0.71^{+0.43}_{-0.25}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$0.63^{+0.44}_{-0.35}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{H} \rightarrow \mathrm{Z}\mathrm{Z} $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$1.06^{+0.44}_{-0.31}$$\end{document}$1$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$0.88^{+0.38}_{-0.26}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$0.76^{+0.43}_{-0.30}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$0.65^{+0.59}_{-0.37}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{H} \rightarrow \mathrm{W}\mathrm{W} $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$1.21^{+0.41}_{-0.31}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$1.10^{+0.44}_{-0.33}$$\end{document}$1$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$0.86^{+0.42}_{-0.32}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$0.74^{+0.61}_{-0.41}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{H} \rightarrow \tau \tau $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$1.41^{+0.75}_{-0.45}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$1.31^{+0.81}_{-0.48}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$1.15^{+0.68}_{-0.44}$$\end{document}$1$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$0.87^{+0.69}_{-0.49}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{H} \rightarrow \mathrm{b} \mathrm{b} $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$1.60^{+1.86}_{-0.70}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$1.48^{+1.85}_{-0.70}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$1.32^{+1.57}_{-0.59}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$1.14^{+1.34}_{-0.52}$$\end{document}$1Table 10A completely general signal parameterization used to scale the expected yields of the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$5\times 4$$\end{document}$ different production and decay modes. The particular choice of parameters is such that the single-particle parameterization shown in Table [11](#Tab11){ref-type="table"} is a nested model, i.e. it can be obtained by assuming $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\lambda _{i}^{j}=\lambda _{i}$$\end{document}$, where $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$i$$\end{document}$ runs through the production processes except $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{g} \mathrm{g} \mathrm{H} $$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$j$$\end{document}$ runs through the decay modes. The expectation for the SM Higgs boson is $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\lambda _{i}^{j}=\mu _{j}=1$$\end{document}$. This parameterization is used in the denominator of the test statistic defined in Eq. ([6](#Equ6){ref-type=""})All parameters constrained to be positiveSignal model$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{H} \rightarrow \gamma \gamma $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{H} \rightarrow \mathrm{Z}\mathrm{Z} $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{H} \rightarrow \mathrm{W}\mathrm{W} $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{H} \rightarrow \tau \tau $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{H} \rightarrow \mathrm{b} \mathrm{b} $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{g} \mathrm{g} \mathrm{H} $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _{\gamma \gamma }$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _\mathrm{{Z}\mathrm{Z}}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _{\mathrm{W}\mathrm{W}}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _{\tau \tau }$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _\mathrm{{b} \mathrm{b} }$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{VBF}$$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\lambda _{\mathrm{VBF}}^{\gamma \gamma } \,\mu _{\gamma \gamma } $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\lambda _{\mathrm{VBF}}^\mathrm{{Z}\mathrm{Z}} \,\mu _\mathrm{{Z}\mathrm{Z}} $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\lambda _{\mathrm{VBF}}^{\mathrm{W}\mathrm{W}} \,\mu _{\mathrm{W}\mathrm{W}} $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\lambda _{\mathrm{VBF}}^{\tau \tau } \,\mu _{\tau \tau } $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\lambda _{\mathrm{VBF}}^\mathrm{{b} \mathrm{b} } \,\mu _\mathrm{{b} \mathrm{b} } $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{V}\mathrm{H} $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\lambda _{\mathrm{V}\mathrm{H} }^{\gamma \gamma } \,\mu _{\gamma \gamma } $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\lambda _{\mathrm{V}\mathrm{H} }^\mathrm{{Z}\mathrm{Z}} \,\mu _\mathrm{{Z}\mathrm{Z}} $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\lambda _{\mathrm{V}\mathrm{H} }^{\mathrm{W}\mathrm{W}} \,\mu _{\mathrm{W}\mathrm{W}} $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\lambda _{\mathrm{V}\mathrm{H} }^{\tau \tau } \,\mu _{\tau \tau } $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\lambda _{\mathrm{V}\mathrm{H} }^\mathrm{{b} \mathrm{b} } \,\mu _\mathrm{{b} \mathrm{b} } $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{t}\mathrm{t}\mathrm{H} $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\lambda _\mathrm{{t}\mathrm{t}\mathrm{H} }^{\gamma \gamma } \,\mu _{\gamma \gamma } $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\lambda _\mathrm{{t}\mathrm{t}\mathrm{H} }^\mathrm{{Z}\mathrm{Z}} \,\mu _\mathrm{{Z}\mathrm{Z}} $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\lambda _\mathrm{{t}\mathrm{t}\mathrm{H} }^{\mathrm{W}\mathrm{W}} \,\mu _{\mathrm{W}\mathrm{W}} $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\lambda _\mathrm{{t}\mathrm{t}\mathrm{H} }^{\tau \tau } \,\mu _{\tau \tau } $$\end{document}$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\lambda _\mathrm{{t}\mathrm{t}\mathrm{H} }^\mathrm{{b} \mathrm{b} } \,\mu _\mathrm{{b} \mathrm{b} } $$\end{document}$

Ratios between decay modes {#Sec25}
--------------------------

Some of the largest uncertainties in SM Higgs predictions are related to the production cross sections. In an attempt to evade those uncertainties, it has been proposed \[[@CR192], [@CR193]\] to perform measurements of ratios of the signal strengths in different decay modes, $\documentclass[12pt]{minimal}
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Given the five decay modes that are currently accessible, four ratios can be probed at a time. For example, the choice of the $\documentclass[12pt]{minimal}
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Search for mass-degenerate states with different coupling structures {#Sec26}
--------------------------------------------------------------------

One assumption that is made in Sect. [7](#Sec27){ref-type="sec"} when studying the couplings of the Higgs boson is that the observations are due to the manifestation of a single particle. Alternatively, a superposition of states with indistinguishable mass values is expected in models or theories beyond the SM \[[@CR194]--[@CR197]\]. In this section we explore the validity of this assumption.

Taking advantage of the very good mass resolution in the $\documentclass[12pt]{minimal}
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In the case of two or more states with masses closer to each other than the experimental resolution, it becomes impossible to discern them using the mass observables. However, the distinction between states can still be made, provided that the states have different coupling structures, i.e. different coupling strengths to the SM particles. Using the measurements of the different production and decay tags, as well as the detailed knowledge of their expected composition in terms of production processes and decay modes, it is possible to test the compatibility of the observations with the expectations from a single state. Several authors discussed this possibility, proposing methods to look for deviations assuming that, in the presence of more than one state, the individual states would couple differently to the SM particles \[[@CR198], [@CR199]\].
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The expectation for the SM Higgs boson is a particular case of a rank 1 matrix, namely that for which $\documentclass[12pt]{minimal}
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The procedure to test for the presence of mass-degenerate states proposed in Ref. \[[@CR200]\] takes into account both the fact that there may be missing matrix elements and the fact that there are uncertainties in the measurements, including their correlations. A profile likelihood ratio test statistic, $\documentclass[12pt]{minimal}
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The compatibility of the value of the test statistic observed in data, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$q_\lambda ^\text {obs}$$\end{document}$, with the expectation from the SM is evaluated using pseudo-data samples randomly generated under the SM hypothesis. Figure [7](#Fig7){ref-type="fig"} shows the distribution of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$q_\lambda $$\end{document}$ for the SM pseudo-data samples as well as the value observed in data, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$q_\lambda ^\text {obs}=12.2 $$\end{document}$. Under the SM hypothesis, we find that the probability of observing a value of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$q_\lambda \ge q_\lambda ^\text {obs}$$\end{document}$ is $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$(7.9\pm 0.3)\,\%$$\end{document}$, where the uncertainty reflects only the finite number of pseudo-data samples generated. Such a $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p\text {-value}$$\end{document}$ corresponds to a deviation from the SM expectation of about $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$1.4\sigma $$\end{document}$. This small tension, not present in previous tests performed in this section, is due to the observed data in the dijet-tagged channel of the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{H} \rightarrow \mathrm{Z}\mathrm{Z} $$\end{document}$ analysis; performing a fit to a model where the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{VBF}$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{V}\mathrm{H} $$\end{document}$ production modes are floated separately shows that the data prefer a very large $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{V}\mathrm{H} $$\end{document}$ contribution and a very small $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{VBF}$$\end{document}$ contribution. When $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{H} \rightarrow \mathrm{Z}\mathrm{Z} $$\end{document}$ analysis inputs are not considered, the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p\text {-value}$$\end{document}$ is found to be about 33 %.

Compatibility of the observed data with the SM Higgs boson couplings {#Sec27}
====================================================================

Whereas in Sect. [6](#Sec20){ref-type="sec"} the production and decay of the boson were explored separately, the studies presented in this section simultaneously investigate the couplings of the boson to SM particles in the production and decay processes. In this way, correlations are handled consistently between the production modes and the decay modes. For example, the coupling of the SM Higgs boson to the $\documentclass[12pt]{minimal}
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Following the framework laid out in Ref. \[[@CR171]\], we assume the signal arises from a single particle with $\documentclass[12pt]{minimal}
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Given these results, and unless otherwise noted, in all subsequent measurements we assume $\documentclass[12pt]{minimal}
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Test of the couplings to massive vector bosons and fermions {#Sec29}
-----------------------------------------------------------

In the SM, the nature of the coupling of the Higgs boson to fermions, through a Yukawa interaction, is different from the nature of the Higgs boson coupling to the massive vector bosons, a result of electroweak symmetry breaking. Some BSM models predict couplings to fermions and massive vector bosons different from those in the SM.

We compare the observations in data with the expectation for the SM Higgs boson by fitting two parameters, $\documentclass[12pt]{minimal}
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Figure [10](#Fig10){ref-type="fig"} shows the results of this combined analysis in the different decay mode groups. The role and interplay of different channels is important. For example, Fig. [9](#Fig9){ref-type="fig"} (left) shows a region in the $\documentclass[12pt]{minimal}
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The 95 % CL confidence intervals for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\kappa _{\mathrm{V}} $$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\kappa _{\mathrm{f}} $$\end{document}$, obtained from a scan where the other parameter is floated, are $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$[0.87,1.14]$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$[0.63,1.15]$$\end{document}$, respectively.

Test for asymmetries in the couplings to fermions {#Sec30}
-------------------------------------------------

In models with two Higgs doublets (2HDM) \[[@CR203]\], the couplings of the neutral Higgs bosons to fermions can be substantially modified with respect to the couplings predicted for the SM Higgs boson. For example, in the minimal supersymmetric standard model \[[@CR204]\], the couplings of neutral Higgs bosons to up-type and down-type fermions are modified, with the modification being the same for all three generations and for quarks and leptons. In more general 2HDMs, leptons can be made to virtually decouple from one Higgs boson that otherwise behaves in a SM-like way with respect to the $\documentclass[12pt]{minimal}
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                \begin{document}$$\lambda _{\mathrm{\ell \mathrm{q}}} = \kappa _{\ell }/ \kappa _\mathrm{{q}} $$\end{document}$).Fig. 12(*Left*) Results of likelihood scans for a model where the gluon and photon loop-induced interactions with the Higgs boson are resolved in terms of the couplings of other SM particles. The *inner bars* represent the 68 % CL confidence intervals while the *outer bars* represent the 95 % CL confidence intervals. When performing the scan for one parameter, the other parameters in the model are profiled. (*Right*) The 2D likelihood scan for the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$M$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\epsilon $$\end{document}$ parameters of the model detailed in the text. The *cross* indicates the best-fit values. The *solid*, *dashed*, and *dotted contours* show the 68 %, 95 %, and 99.7 % CL confidence regions, respectively. The *diamond* represents the SM expectation, $\documentclass[12pt]{minimal}
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Figure [11](#Fig11){ref-type="fig"} (left) shows the likelihood scan versus $\documentclass[12pt]{minimal}
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Test of the scaling of couplings with the masses of SM particles {#Sec31}
----------------------------------------------------------------

Under the assumption that there are no interactions of the Higgs boson other than to the massive SM particles, the data allow a fit for deviations in $\documentclass[12pt]{minimal}
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The results of the two fits above are plotted versus the particle masses in Fig. [13](#Fig13){ref-type="fig"}. While the choice of the mass values for the abscissas is discussed above, to be able to show both Yukawa and weak boson couplings in the same plot requires a transformation of the results of the $\documentclass[12pt]{minimal}
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Test for the presence of BSM particles in loops {#Sec32}
-----------------------------------------------

The manifestation of BSM physics can considerably modify the Higgs boson phenomenology even if the underlying Higgs boson sector in the model remains unaltered. Processes that are loop-induced at leading order, such as the $\documentclass[12pt]{minimal}
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Figure [14](#Fig14){ref-type="fig"} shows the 2D likelihood scan for the $\documentclass[12pt]{minimal}
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Another way in which BSM physics may manifest itself is through the decay of the boson into BSM particles. To explore this possibility, we consider a further parameter that allows for a partial decay width into BSM particles, $\documentclass[12pt]{minimal}
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Figure [15](#Fig15){ref-type="fig"} (left) shows the likelihood scan versus $\documentclass[12pt]{minimal}
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Test of a model with scaling factors for SM particles {#Sec33}
-----------------------------------------------------

After having examined the possibility for BSM physics to manifest itself in loop-induced couplings while fixing all the other scaling factors, we now release the latter assumption. For that, we explore a model with six independent coupling modifiers and make the following assumptions:The couplings to $\documentclass[12pt]{minimal}
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Test of a general model without assumptions on the total width {#Sec34}
--------------------------------------------------------------

Given the comprehensiveness of the set of analyses being combined, we can explore the most general model proposed in Ref. \[[@CR171]\], which makes no assumptions on the scaling of the total width. In this model, the total width is not rescaled according to the different $\documentclass[12pt]{minimal}
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An alternative and similarly general scenario can be built by allowing for $\documentclass[12pt]{minimal}
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Summary of tests of the compatibility of the data with the SM Higgs boson couplings {#Sec36}
-----------------------------------------------------------------------------------

Figure [20](#Fig20){ref-type="fig"} summarizes the results for the benchmark scenarios of Ref. \[[@CR171]\] with fewest parameters and shows that, in those benchmarks, all results are compatible with the SM expectations.Fig. 20Summary plot of likelihood scan results for the different parameters of interest in benchmark models from Ref. \[[@CR171]\] separated by *dotted lines*. The $\documentclass[12pt]{minimal}
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A much more comprehensive overview of the searches performed for deviations from the SM Higgs boson expectation is provided in Table [12](#Tab12){ref-type="table"}, where all results obtained in this section are summarized.

No statistically significant deviations are observed with respect to the SM Higgs boson expectation.

Summary {#Sec37}
=======
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